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(57) A method and apparatus for reducing the peak 
power probability of a spread spectrum signal by clip* 
ping the signal to constrain its spectrum within error- 
shaped bounds. The method includes the steps of gen- 
erating a clipping threshold signal, generating a clipping 



error signal responsive to both the clipping threshold 
signal and the spread spectrum signal, filtering the dip- 
ping error signal to produce a shaped error signal, and 
subtracting the shaped error signal from the spread 
spectrum signal. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates. to a method and 
apparatus for reducing the peak power probability of a 
spread spectrum signal. 

[0002] The invention is directed to, but in no way lim- 
ited to, a method and apparatus for reducing the peak 
power probability of a band limited Gaussian signal by 
clipping the signal to constrain its spectrum within error- 
shaped bounds. More particularly, the invention is di- 
rected to, but in no way limited to, reducing the peak to 
average power ratio in signals having a spread power 
distribution, including Code Division Multiple Access 
(CDMA) signals. 

2. Description of Related Art 

[0003] One of the more expensive components in a 
radio transmitter is a power amplifier. A power amplifier 
receives an input signal and in response generates a 
significantly more powerful output signal. The complex 
ratio between the power of the output signal and the 
power of the input signal is the amplifier's gain. Except 
for a magnitude gain in power, the output signal is de- 
sirably an accurate reproduction of the input signal, so 
that an information component in the input signal is ac- 
curately amplified in the output signal. 
[0004] In practice, power amplifiers are highly non-lin- 
ear devices and accurate amplification is achieved only 
when the instantaneous power of the input signal lies 
within a narrow domain. Whenever input signal power 
increases beyond the linear domain, the power amplifier 
generates a distorted output signal. 
[0005] Two serious consequences flow from distort- 
ing the output signal. First, a noise component is intro- 
duced into the output signal and tends to obscure the 
information component, since the output signal is no 
longer an accurate amplification of the input signal. Sec- 
ond, the distortion generates spurious radio emissions 
both inside and outside the frequency band allocated to 
the radio transmitter, these spurious radio emissions in- 
terfering with radio transmissions from other transmit- 
ters. It is therefore desirable that a power amplifier be 
well matched to its input signal, such that the input signal 
instantaneous power remains within the narrow linear 
domain of the power amplifier. 

[0006] To avoid distortion, one solution is to overspec- 
ify the power amplifier. One could use a power amplifier 
having a very large linear domain, one that could easily 
contain the average power level of the input signal and 
could even contain much higher input power peaks 
when they infrequently occurred. However, as previous- 
ly mentioned, power amplifiers are expensive and it is 
therefore wasteful to overspecify this component. 
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[0007] Another solution is to pre-process the input sig- 
nal to ensure that its peak power is always constrained 
within limits dictated by a smaller, cheaper power am- 
plifier. In other words, the ratio of the input signal peak 
5 power to average power could be constrained to a cer- 
tain limit. Unfortunately, such pre-processing is highly 
dependent upon the nature of the input signal. 
[0008] One class of input signals that is particularly 
challenging to pre-process is Gaussian signals, which 
10 are characteristic of spread-spectrum communication 
signals, including code division multiple access (CDMA) 
signals. These signals have a substantially uniform av- 
erage power distribution across a predetermined fre- 
quency range. It is therefore challenging to remove any 
*s portion of the signal without introducing distortion. 
[0009] A conventional pre-processing technique in- 
cludes sampling the input signal and then hard clipping 
all peak samples above a pre-defined threshold. The re- 
sulting clipped signal thus consists of both a desired sig- 
nal and a clipping error signal. Since the error signal will 
smear outband emissions, a digital filter must be con- 
nected after the hard clipper to minimize the outband 
emissions. However, because this filter processes both 
the desired signal and the error signal it must satisfy 
both inband and outband requirements. The inband re- 
quirement is dictated by need to only minimally distort 
the desired signal, while the outband required is deter- 
mined by the need to minimize spurious emissions. 
More particularly, the filter's inband frequency response 
is desirably as flat as possible. As a result of ail these 
constraints, the filter is complicated to implement and 
has a high gate count. 

[001 0] To improve clipping performance according to 
the conventional technique, a higher sampling rate and 
consecutive multiple clipping are used. A higher sam- 
pling rate reduces the number of over-threshold peak 
samples that escape processing; however, not surpris- 
ingly, filter complexity increases with the sampling rate. 
Clipping a signal multiple times as it propagates through 
a radio transmitter resists post -clipping peak re growth 
but also increases circuit complexity several fold. 
[001 1] What is needed therefore is a relatively simple 
yet effective method and apparatus for constraining the 
power peaks of a Gaussian signal. 

SUMMARY OF THE INVENTION 

[001 2] The present invention is directed to such a so- 
lution, including a solution where a band limited Gaus- 
sian signal is received at a power amplifier for transmis- 
sion. In particular, the Gaussian signal might be a com- 
posite of a set of code division multiple access (CDMA) 
signals in a multi-carrier mode or a wideband direct se- 
quence CDMA signal. 

[001 3] At either the baseband or the intermediate fre- 
quency stage of the transmitter, embodiments of the in- 
vention reduce the probability of the peak to average 
power ratio of the signal. In contrast to the conventional 
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technique, which includes hard clipping an input signal 
and then filtering the resulting clipped signal, the clipped 
signal including both the input signal and an error signal, 
embodiments of the present invention filter only the error 
signal. First the error signal is shaped with a shaping 
filter to reduce close-in outband emission, and then the 
shaped error signal is subtracted from the spread spec- 
trum signal. After this error shaped clipping, a loose 
postprocessing filter, either lowpass or bandpass, is 
used to further reduce the far end spurious emission lev- 
el. As a result, the probability of peak to average ratio 
is reduced and the outband spurious emission level is 
reduced to a required level due to the shaping filter and 
postprocessing filter. Since the shaping filter only ap- 
plies to the error signal, the inband does not need to be 
flat. Therefore, the shaping filter is much simpler to im- 
plement than a filter according to the conventional tech- 
nique. 

[0014] Therefore, according to one aspect of the in- 
vention, there is provided a method of reducing the peak 
power probability of a spread spectrum signal, including 
clipping the signal to constrain its spectrum within error- 
shaped bounds. The method desirably includes gener- 
ating a clipping threshold signal, generating a clipping 
error signal responsive to both the clipping threshold 
and the spread spectrum signal, filtering the clipping er- 
ror signal to produce a shaped error signal; and sub- 
tracting the shaped error signal from the spread spec- 
trum signal. This technique makes multiple clipping 
practical, which helps further reduce the probability of 
the peak occurrence. 

[0015] Preferably, the method includes delaying the 
spread spectrum signal to align its phase with the 
shaped error signal for subtraction. 
[001 6] The step of receiving a spread spectrum signal 
might include receiving a baseband signal. In such case, 
it is desirable that filtering the clipping error signal in- 
cludes lowpass filtering. 

[0017] Generating the clipping error signal might in- 
clude receiving a second instance of the baseband sig- 
nal, receiving a third instance of the baseband signal, 
scaling the third instance of the baseband signal, and 
subtracting the scaled third instance of the baseband 
signal from the second instance of the baseband signal. 
[0018] Preferably, scaling the third instance of the 
baseband signal includes receiving a fourth instance of 
the baseband signal, determining an RMS value of the 
fourth instance of the baseband signal, determining a 
peak value of the fourth instance of the baseband signal, 
dividing the RMS value by the peak value to produce a 
scaling factor, and multiplying the third instance of the 
baseband signal by the scaling factor 
[0019] In contrast, where receiving a spread spectrum 
signal includes receiving an intermediate frequency sig- 
nal, it is desirable that filtering the clipping error signal 
includes bandpass filtering. 

[0020] Generating the clipping error signal might thus 
include: receiving a second instance of the intermediate 



frequency signal, receiving a third instance of the inter- 
mediate frequency signal, amplitude clipping the third 
instance of the intermediate frequency signal, and sub- 
tracting the clipped third instance of the intermediate f re- 
5 quency signal from the second instance of the interme- 
diate frequency signal. 

[0021] Amplitude clipping the third instance of the in- 
termediate frequency signal might include: receiving a 
fourth instance of the intermediate frequency signal, de- 
10 termining a current RMS value of the fourth instance of 
the intermediate frequency signal, multiplying the RMS 
value by a scaling factor to produce a scaled RMS value, 
setting a clipping threshold proportionate to the scaled 
RMS value, and clipping the third instance of the inter- 
's mediate frequency signal when it exceeds the clipping 
threshold. 

[0022] According to another aspect of the invention, 
there is provided an apparatus for reducing the peak 
power probability of a spread spectrum signal having an 
error-shaped clipper for constraining the spectrum with- 
in error-shaped bounds. 

[0023] The error-shaped clipper might further include: 
a clipping threshold signal generator for generating a 
clipping threshold signal, a clipping error signal gener- 
ator connected to generate a clipping error signal re- 
sponsive to both the clipping threshold signal received 
from the clipping threshold signal generator and the 
spread spectrum signal, afilter connected to the clipping 
error signal generator to receive the clipping error signal 
and to produce in response a shaped error signal, and 
a first summing junction connected to subtract the 
shaped error signal from the spread spectrum signal. 
[0024] The apparatus might further include a time-de- 
lay loop for delaying the spread spectrum signal to align 
its phase with the shaped error signal for subtraction. 
[0025] Where the spread spectrum signal is a base- 
band signal, it is desirable that the filter for filtering the 
clipping error signal includes a lowpass filter. 
[0026] Preferably, the clipping error signal generator 
includes: a first coupler for coupling a second instance 
of the baseband signal, a second coupler for coupling a 
third instance of the baseband signal, a divider connect- 
ed to the second coupler to divide the third instance of 
the baseband signal, and a second summing junction 
connected to the first coupler and the divider to subtract 
the divided third instance of the baseband signal from 
the second instance of the baseband signal to produce 
the clipping error signal. In this context, the word "cou- 
pler" does not denote a radio frequency coupler. In this 
context, the word "coupler" has its more general conno- 
tation as a device for transferring a signal, including a 
digital signal, from one portion of a circuit to another. 
[0027] Desirably, the divider includes: a third coupler 
for coupling a fourth instance of the baseband signal; 
an RMS detector connected to the third coupler to gen- 
erate an RMS signal responsive to the RMS value of the 
fourth instance of the baseband signal, a peak detector 
connected to the third coupler to generate a peak signal 
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responsive to the peak value of the fourth instance of 
the baseband signal, a first multiplier connected to the 
RMS detector and the peak detector to divide the RMS 
signal by the peak signal to produce a scaling factor sig- 
nal, and a second multiplier connected to the first mul- s 
tiplier and the second coupler to multiply the third in- 
stance of the baseband signal by the scaling factor sig- 
nal. 

[0028] In contrast, where the spread spectrum signal 
is an intermediate frequency signal, it is desirable that 10 
the filter for filtering the clipping error signal includes a 
bandpass filter. 

[0029] Preferably, the clipping error signal generator 
includes: a first coupler for coupling a second instance 
of the intermediate frequency signal, a second coupler is 
for coupling a third instance of the intermediate frequen- 
cy signal, a clipper connected to the second coupler to 
amplitude clip the third instance of the intermediate fre- 
quency signal to produce a clipped third instance of the 
intermediate frequency signal, a second summing junc- 20 
tion connected to the clipper and the first coupler to sub- 
tracting the clipped third instance of the intermediate fre- 
quency signal from the second instance of the interme- 
diate frequency signal to produce the clipping error sig- 
nal. 25 
[0030] It is preferable that the clipper include: a third 
coupler for coupling a fourth instance of the intermediate 
frequency signal, an RMS detector connected to the 
third coupler to generate an RMS signal responsive to 
the RMS value of the fourth instance of the intermediate 30 
frequency signal, a terminal for receiving a user-adjust- 
able scaling factor signal, a multiplier connected to the 
RMS detector and the terminal to multiply the RMS sig- 
nal by the scaling factor signal to produce a scaled RMS 
signal, a variable amplitude hard-clipper connected to 3S 
the multiplier and the second coupler to clip the ampli- 
tude of the third instance of the intermediate frequency 
signal back to a threshold level corresponding to the 
scaled RMS signal. 

[0031] According to yet another aspect of the inven- 40 
tion, there is provided a code division multiple access 
(CDMA) transmitter apparatus, having: a plurality of CD- 
MA modems, each of the plurality of CDMA modems 
having a respective input and output, a digital pre- 
processing stage having a plurality of inputs, an output, *s 
at least one error-shaped clipper having an input and an 
output, at least one digital intermediate frequency (IF) 
processor having an input and an output, and a sum- 
ming junction having a plurality of inputs and an output, 
each of the plurality of digital pre-processing stage in- so 
puts being connected to a respective CDMA modem 
output, and the plurality of digital pre-processing stage 
inputs being connected to the digital pre-processing 
stage output through the at least one error-shaped clip : 
per, the at least one digital IF processor, and the sum- ss 
ming junction, a digital to analog converter (DAC) having 
an input and an output, the DAC input being connected 
to the digital pre-processing stage output, an analog in- 



termediate frequency and radio frequency (IF & RF) 
processor having an input and an output, the IF & RF 
processor input being connected to the DAC output, and 
a power amplifier having an input and an output, the 
power amplifier input being connected to the IF & RF 
processor output. 

[0032] Desirably, the at least one error-shaped clipper 
includes a plurality of error-shaped clippers, each of the 
plurality of error-shaped clippers having an input con- 
nected to the output of a respective CDMA modem, the 
at least one digital IF processor includes a plurality of 
digital IF processors, each of the plurality of digital IF 
processors having an input connected to the output of 
a respective error-shaped clipper, and each of the plu- 
rality of inputs of the summing junction is connected to 
the output of a respective one of the plurality of digital 
IF processors. 

[0033] Alternatively, each of the plurality of inputs of 
the summing junction is connected to the output of a re- 
spective one of the plurality CDMA modems, the input 
of the at least one error-shaped clipper is connected to 
the output of the summing junction, and the input of the 
at least one digital IF processor is connected to the out- 
put of the error-shaped clipper. 
[0034] Still further alternatively, the at least digital IF 
processor includes a plurality of digital IF processors, 
each of the plurality of digital IF processors having an 
input connected to the output of a respective CDMA mo- 
dem, each of the plurality of inputs of the summing junc- 
tion is connected to the output of a respective one of the 
plurality of digital IF processors, and the input of the at 
least one error-shaped clipper is connected to the output 
of the summing junction. 

[0035] Other aspects and features of the present in- 
vention will become apparent to those ordinarily skilled 
in the art upon review of the following description of spe- 
cific embodiments of the invention in conjunction with 
the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] In drawings which illustrate embodiments of 
the invention, 

Figure 1 is a block diagram illustrating a baseband 
clipping circuit according to a first embod- 
iment of the present invention, forming a 
part of a radio transmitter. 

Figure 1 A is a block diagram illustrating a baseband 
clipping circuit according to a second em- 
bodiment of the present invention, form- 
ing a part of a radio transmitter. 

Figure 2 is a block diagram detailing the baseband 
clipping circuit of Figure 1, including a 
shaping filter and a scaling factor calcula- 
tion circuit. 
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Figure 3 is a graph of the frequency response of 
the shaping filter in the baseband clipping 
circuit of Figure 2. 

Figu re 4 is a block diagram of the scaling factor cal- 
culation circuit in the baseband clipping 
circuit of Figure 2. 

Figure 5 is a block diagram illustrating an interme- 
diate frequency clipping circuit according 
to a third embodiment of the present in- 
vention, forming a part of a radio transmit- 
ter. 

Figure 6 is a block diagram detailing the intermedi- 
ate frequency clipping circuit of Figure 5, 
including a shaping filter and a clipping 
level calculation circuit. 

Figure 7 is a graph of the frequency response of 
the shaping filter in the intermediate fre- 
quency clipping circuit of Figure 6 

Figure 8 is a block diagram of the clipping level cal- 
culation circuit in the intermediate fre- 
quency clipping circuit of Figure 6. 

DETAILED DESCRIPTION 

[0037] Figure 1 illustrates a plurality of baseband er- 
ror-shaped clippers 10 according to a first embodiment 
of the invention, each connected as part of a larger radio 
transmitter in a multi-carrier mode, generally illustrated 
at 12. Each baseband error-shaped clipper 10 has an 
input terminal 14 and an output terminal 16. 
[0038] The first stage of the radio transmitter 12 is a 
plurality of code division multiple access (CDMA) mo- 
dems 18. Each modem 18 has an input terminal (not 
shown) for receiving signals for transmiss ton and an out- 
put terminal 20. The output terminal 20 of each modem 
18 is connected to the input terminal 14 of one of the 
respective baseband error shaped clippers 10. 
[0039] The radio transmitter 1 2 further includes a plu- 
rality of digital intermediate frequency (IF) processors 
22. Each IF processor 22 has an input terminal 24 and 
an output terminal 26. The input terminal 24 of each IF 
processor is connected to the output terminal 16 of one 
of the respective baseband error-shaped clippers 10. 
[0040] The radio transmitter 12 further includes a 
summing junction 28 having a plurality of input terminals 
30 and one output terminal 32. Each input terminal 30 
of the summing junction 28 is connected to the output 
terminal 26 of one of the respective IF processors 22. 
[0041] Together, the plurality of baseband error- 
shaped clippers 10, the plurality of IF processors 22, and 
the summing junction 28 form a digital pre-processing 
stage generally indicated at 37. 
[0042] The radio transmitter 1 2 further includes a dig- 



ital to analog converter (DAC) 34 having an input termi- 
nal 36 and an output terminal 38. The input terminal 36 
of the DAC 34 is connected to the output terminal 32 of 
the summing junction 32. 
$ [0043] The radio transmitter 12 further includes an an- 
alog intermediate frequency and radio frequency (IF & 
RF) processor 40 having an input terminal 42 and an 
output terminal 44. The input terminal 42 of the IF & RF 
processor 40 is connected to the output terminal 38 of 

io the DAC 34. 

[0044] The radio transmitter 1 2 further includes a high 
power amplifier 46 having an input terminal 48 and an 
output antenna 50. The input terminal 48 of the high 
power amplifier 46 is connected to the output terminal 

is 44 of the IF & RF processor 40. 

[0045] Thus it will be seen that in operation, a CDMA 
signal received at any modem 18 is clipped at the re- 
spective baseband error-shaped clipper 10 and then up- 
converted to a digital intermediate frequency signal by 

20 the respective digital IF processor 22. The intermediate 
frequency signals are then superimposed at the sum- 
ming junction 28 and converted into a single analog sig- 
nal by the digital to analog converter 34. Finally, the an- 
alog signal is up-converted to radio frequency at the IF 

25 & RF processor 40 before being transmitted through the 
antenna 50 by the high power amplifier 46. 
[0046] Figure 2 illustrates the internal structure of the 
baseband error-shaped clipper 10. 
[0047] The baseband error-shaped clipper 10 in- 

30 eludes a signal multiplier 70 having first and second in- 
put terminals 72, 74 and an output terminal 76. The first 
input terminal 72 of the signal multiplier 70 is connected 
to the input terminal 14 of the baseband error-shaped 
clipper 1 0 to receive from the modem 18a CDMA signal. 

35 [0048] The baseband error-shaped clipper 10 further 
includes a scaling factor calculation circuit 78 having an 
input terminal 80 and an output terminal 82. The input 
terminal 80 of the scaling factor calculation circuit 78 is 
connected to receive a user-selectable voltage level for 

40 biasing the amount of error-shaped clipping to be ap- 
plied. The output terminal 82 of the scaling factor calcu- 
lation circuit 79 is connected to the input terminal 74 of 
the signal multiplier 70 to provide a scaling factor signal 
to the signal multiplier 70. 

45 [0049] Thus the signal multiplier 70 is connected to 
produce at it output terminal 76 a scaled reproduction 
of the CDMA signal received at its first input terminal 72. 
In other words, the signal multiplier 70 functions as a 
divider. 

50 [0050] The baseband error-shaped clipper 10 further 
includes a first summing junction 84 having a first input 
terminal 86, an inverting second input terminal 88 and 
an output terminal 90. The first input terminal 86 of the 
first summing junction 84 is connected to the input ter- 

55 minal 1 4 of the baseband error-shaped clipper 1 0 to re- 
ceive from the modem 1 8 the CDMA signal. The second 
input terminal 88 of the summing junction 84 is connect- 
ed to the output terminal 76 of the signal multiplier 70 to 
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receive and invert the scaled CDMA signal. 
[0051] Thus the first summing junction 84 is connect- 
ed to produce at its output terminal 90 a clipping error 
signal equal to the difference between the CDMA signal 
and the scaled CDMA signal. In other words, the first 
summing junction 84 functions as a clipping error signal 
generator for generating a clipping error signal respon- 
sive to both a clipping threshold signal received from a 
clipping threshold signal generator and the spread spec- 
trum CDMA signal. 

[0052] The baseband error-shaped clipper 10 further 
includes a shaping filter 92 having an input terminal 94 
and an output terminal 96. The input terminal 94 is con- 
nected to the output terminal 90 of the first summing 
junction 84 to receive the clipping error signal and thus 
the shaping filter 92 produces a shaped error signal at 
its output terminal 96. 

[0053] With reference briefly to Figure 3, a preferred 
filtering amplitude response characteristic of the shap- 
ing filter 92 is illustrated generally at 98, the amplitude 
response characteristic 98 being described by first and 
second equations 100, 102, where: G(z) is a frequency 
response specified for the pulse shaping filter of the CD- 
MA signal transmitter, f c is the cut-off frequency of the 
error shaping filter 92, and H(z) is the frequency re- 
sponse of the error shaping filter 92, including an equiv- 
alent frequency response due to the non-flat-top clip- 
ping noise. 

[0054] With reference back to Figure 2, the baseband 
error-shaped clipper 10 further includes a time-delay 
loop 104 having an input terminal 106 and an output ter- 
minal 108. The inputterminal 106 of the time-delay loop 
104 is connected to the input terminal 14 of the base- 
band error-shaped clipper 10 to receive from the modem 
18 a CDMA signal. The time-delay loop 104 time-delays 
the received CDMA signal for a period of time equivalent 
to the propagation delay through the signal multiplier 70, 
the first summing junction 84, and the shaping filter 92 
and provides the delayed CDMA signal at its output ter- 
minal 108. 

[0055] The baseband error-shaped clipper 10 further 
includes a second summing junction 110 having a first 
input terminal 112, an inverting second input terminal 
114 and an output terminal 116. The first input terminal 
112 is connected to the output terminal 108 of the time- 
delay loop 1 04 to receive the delayed CDMA signal. The 
inverting second input terminal 11 4 is connected to the 
output of the shaping filter 96 to receive and invert the 
shaped error signal. The second summing junction 110 
subtracts the shaped error signal from the delayed CD- 
MA signal to produce at the output terminal 116a differ- 
ence signal. 

[0056] The baseband error-shaped clipper 10 further 
includes a lowpass filter 118 having an input terminal 
120 and an output terminal 122. The lowpass filter 118 
is selected with regard to the particular far-end spurious 
emission requirements of the transmitter 12. The input 
terminal 120 is connected to the output terminal of the 



second summing junction 110 to receive the difference 
signal. The lowpass filter lowpass filters the difference 
signal to produce a filtered error-shaped clipped signal 
at its output terminal 1 22. The output terminal 1 22 of the 
5 lowpass filter 118 is the output terminal 16 of the base- 
band error-shaped clipper 10. 

[0057] With reference now to Figure 4, the.archrtec- 
ture of the scaling factor calculation circuit 78 will now 
be discussed. As will be described below in more detail, 

io the scaling factor calculation circuit 78 generates a sig- 
nal estimate of the ratio of composite intermediate fre- 
quency peak power divided by composite intermediate 
frequency root-means-square (RMS) power, all multi- 
plied by a user-selectable biasing factor. Thus, prefera- 

ts bly this ratio is calculated over ail received CDMA sig- 
nals as opposed to just that CDMA signal received at a 
particular baseband error-shaped clipper 10. 
[0058] The scaling factor calculation circuit 78 begins 
with an intermediate frequency (IF) peak estimator gen- 

20 erally illustrated at 140 and an IF RMS detector gener- 
ally illustrated at 142, the IF peak estimator 140 and the 
IF RMS detector 142 sharing an input stage generally 
illustrated at 144. 

[0059] The input stage 1 44 includes a plurality of input 
2S terminals 146, one respectively for each I and Q com- 
ponent of each CDMA signal received at the scaling fac- 
tor calculation circuit 78. The input stage further includes 
a plurality of signal squaring circuits 148. each connect- 
ed to receive either the I or the Q component of a CDMA 
30 signal received at a respective input terminal 146. Each 
signal squaring circuit 148 has an output terminal 150 
at which is produced a squared signal, which is the 
square of the signal received at the respective input ter- 
minal 146. 

35 [0060] The input stage 144 further includes a plurality 
of summing junctions 152, each summing junction hav- 
ing first and second input terminals 1 54, 1 56 and an out- 
put terminal 158. The first input terminal 154 of each 
summing junction 152 is connected to the output termi- 

40 nal 150 of a respective signal squaring circuit 148, the 
signal squaring circuit 148 being connected to receive 
the I component of a CDMA signal. The second input 
terminal 156 of each summing junction 152 is connected 
to the output terminal 1 50 of a respective signal squaring 

45 circuit 148, the signal squaring circuit 148 being con- 
nected to receive the Q component of a CDMA signal. 
In this arrangement, each summing junction 152 is con- 
nected to sum the squared I and Q components of a 
particular CDMA signal received at the scaling factor 

so calculation circuit 78. This CDMA squared-component 
sum signal is produced at the respective output terminal 
158 of each summing junction 152. 
[0061] The IF peak estimator 140 includes a plurality 
of signal square-rooting circuits 160, corresponding to 

55 each of the I and Q component pairs forming the CDMA 
signals received at the scaling factor calculation circuit 
78. Each square-rooting circuit 160 has an input termi- 
nal 162 and an output terminal 164. The input terminal 
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162 of each square-rooting circuit 160 is connected to 
a respective output terminal 1S8 of an input stage 144 
summing junction 152. The signal square-rooting cir- 
cuits 160 each generate at their respective output ter- 
minals 164 a Pythagorean signal representing the mag- 
nitude of the CDMA code vector assembled from re- 
spective I and Q components. 
[0062] A peak estimator summing junction 166 has a 
plurality of input terminals 168 and one output terminal 
170. Each input terminal 168 is connected to the output 
terminal 1 64 of a respective signal square-rooting circuit 
160 to receive the respective Pythagorean signal. The 
peak estimator summing junction 166 sums these Py- 
thagorean signals to create an estimated peak signal of 
the combined CDMA signals received at the scaling fac- 
tor calculation circuit 78. This peak signal, which is pro- 
vided to the output terminal 170, errs on the high side 
by not accounting for phase cancellations. 
[0063] The RMS detector 142 includes an RMS de- 
tector summing junction 172 having a plurality of input 
terminals 174 and a single output terminal 176. Each 
input terminal 174 is connected to the output terminal 
158 of a respective input stage summing junction 152 
to receive the respective CDMA squared-component 
sum signal. The RMS summing junction 172 sums these 
CDMA squared-component sum signals to create a 
composite squared sum signal, which is produced at its 
output terminal 176. 

[0064] The RMS detector 1 42 further includes an av- 
eraging circuit 178 having an input terminal 180 and an 
output terminal 182. The input terminal 180 is connected 
to the output terminal of the RMS summing junction 1 72. 
The averaging circuit 178 produces a signal equivalent 
to the average of the received composite squared sum 
signal and produces that average signal at its output ter- 
minal 1 82. 

[0065] The RMS detector 142 further includes an 
RMS square-rooting circuit 184 having an input terminal 
186 and an output terminal 188. The input terminal 186 
is connected to the output terminal 1 82 of the averaging 
circuit 178 to receive the average signal. The RMS 
square-rooting circuit 184 produces at its output termi- 
nal 188 an output signal equivalent to the square root of 
the average signal. This output signal is also a compos- 
ite RMS signal corresponding to all the CDMA signals 
received at the scaling factor calculation circuit 78. 
[0066] The scaling factor calculation circuit 78 further 
includes a first multiplier 190 having first and second in- 
put terminals 80, 192 and an output terminal 194. The 
first input terminal 80 is connected to receive the user- 
selectable biasing signaf and the second input terminal 
192 is connected to the output terminal 170 of the peak 
estimator summing junction 166 to receive the estimat- 
ed peak value signal. The first multiplier 190 multiplies 
these two signals and produces a scaled peak signal at 
the output terminal 194. 

[0067] The scaling factor calculation circuit 78 further 
includes a reciprocal circuit 196 having an input terminal 



198 and an output terminal 200. The input terminal 198 
is connected to the output terminal 194 of the first mul- 
tiplier to receive the scaled peak signal. The reciprocal 
circuit 196 produces a reciprocal signal at its output ter- 
5 minal 200, which is the reciprocal of the scaled peak sig- 
nal. 

[0068] The scaling factor calculation circuit 78 further 
includes a second multiplier 202 having first and second 
input terminals 204, 206 and an output terminal 82. The 

10 first and second input terminals 204, 206 are respective- 
ly connected to the output terminals 200, 188 of the re- 
ciprocal circuit 196 and the RMS square-rooting circuit 
1 84 for receiving the reciprocal of the scaled peak signal 
and the RMS signal. The second multiplier 202 multi- 

15 plies the signals received at its first and second input 
terminals 204, 206 and produces in response at its out- 
put terminal 82 a scaling factor. Thus the scaling factor 
calculation circuit 78 functions as a clipping threshold 
signal generator for generating a clipping threshold sig- 

20 nal. 

[0069] While the embodiment of the radio transmitter 
12 illustrated in Figure 1 depicts a plurality of baseband 
error-shaped clippers 10, each respectively clipping one 
of the plurality of narrowband CDMA signals, an alter- 
25 native exists. Figure 1A illustrates a radio transmitter 
12a according to an second embodiment of the inven- 
tion, in which a single, composite wideband baseband 
CDMA signal is clipped. 

[0070] In this second embodiment, there exists a 

30 baseband composite signal generator 19a for receiving 
a plurality of narrowband, baseband CDMA signals and 
producing in response a single composite wideband, 
baseband CDMA signal. The baseband composite sig- 
nal generator 19a includes a plurality of inputs 21a and 

3$ a single output 23a. 

[0071] The plurality of CDMA modems 18a are con- 
nected in parallel to the baseband composite signal gen- 
erator 19a, each of the plurality of modem outputs 20a 
being connected to one of the respective plurality of 

40 baseband composite signal generator inputs 21a. 

[0072] The baseband composite signal generator out- 
put 23a is connected to the input 14a of a single wide- 
band baseband error-shaped clipper 10a, to provide the 
error-shaped clipper 10a with the composite wideband 

45 baseband CDMA signal. The error-shaped clipper out- 
put 16a is connected to an input 24a of a single digital 
IF processor 22a. Thus in this second embodiment, only 
one baseband error-shaped clipper 1 0a and one digital 
IF processor 22a are required and no summing junction 

50 28 is required. 

[0073] The baseband composite signal generator 1 9a 
includes a plurality of complex modulators 25a, each 
with an input 27a and an output 29a. Each complex 
modulator input 27a is connected to a respective base- 

55 band composite signal generator input 21 a to receive a 
narrowband, baseband CDMA signal from a respective 
one of the plurality of CDMA modems 20a. 
[0074] The baseband composite signal generator 1 9a 
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further includes a summing junction 31a having a plu- 
rality of inputs 33a and a single output 35a. Each of the 
plurality of summing junction inputs 33a is connected to 
an output 29a of a respective one of the plurality of com- 
plex modulators 25a. The single summing junction out- 
put 35a is connected to the baseband composite signal 
generator output 23a. 

[0075] Together, the wideband baseband error- 
shaped clippers 10a, the IF processor 22a, and base- 
band composite signal generator 19a, with its summing 
junction 31 form a digital pre-processing stage generally 
indicated at 37a. 

[0076] Figure 5 illustrates an intermediate frequency 
error-shaped clipper 250 according to a third embodi- 
ment of the present invention, connected as part of a 
larger radio transmitter, generally illustrated at 252. The 
intermediate frequency error-shaped clipper 250 has an 
input terminal 254 and an output terminal 256. 
[0077] The first stage of the radio transmitter 252 is a 
plurality of code division multiple access (CDMA) mo- 
dems 258. Each modem 18 has an input terminal (not 
shown) for receiving modulated signals for transmission 
and an output terminal 260 for providing demodulated 
digital signals to the radio transmitter 252. 
[0078] The radio transmitter 252 further includes a 
plurality of digital intermediate frequency (IF) proces- 
sors 262. Each IF processor 262 has an input terminal 
264 and an output terminal 266. The input terminal 264 
of each IF processor is connected to the output terminal 
260 of one of the respective modems 258. 
[0079] The radio transmitter 252 further includes a 
summing junction 268 having a plurality of input termi- 
nals 270 and one output terminal 272. Each input termi- 
nal 270 of the summing junction 268 is connected to the 
output terminal 266 of one of the respective IF proces- 
sors 262. The output terminal 272 of the summing junc- 
tion 268 is in turn connected to the input terminal 254 of 
the intermediate f requency error-shaped clipper 250. 
[0080] Together, the intermediate frequency error- 
shaped clipper 250, the plurality of IF processors 262, 
and summing junction 268 form a digital pre-processing 
stage generally indicated at 273. 
[0081] The radio transmitter 252 further includes a 
digital to analog converter (DAC) 274 having an input 
terminal 276 and an output terminal 278. The input ter- 
minal 276 of the DAC 274 is connected to the output 
terminal 256 of the intermediate frequency error-shaped 
clipper 250. 

[0082] The radio transmitter 252 further includes an 
analog intermediate frequency and radio frequency (IF 
& RF) processor 280 having an input terminal 282 and 
an output terminal 284. The input terminal 282 of the IF 
& RF processor 280 is connected to the output terminal 
278 of the DAC 274. 

[0083] The radio transmitter 252 further includes a 
high power amplifier 286 having an input terminal 288 
and an output antenna 290. The input terminal 288 of 
the high power amplifier 286 is connected to the output 



terminal 284 of the IF & RF processor 280. 
[0084] Thus it will be seen that in operation, a CDMA 
signal received at any modem 258 is up-converted to 
an intermediate frequency signal by the respective dig- 

£ ital I F processor 262 and all of the intermediate frequen- 
cy signals are then superimposed at the summing junc- 
tion 268. The summed signal is clipped at the interme- 
diate frequency error-shaped clipper 250 and then con- 
verted into a single analog signal by the digital to analog 

w converter 274. Finally, the analog signal is further up- 
converted to radio frequency at the IF & RF processor 
280 before being transmitted through the antenna 290 
by the high power amplifier 286. 
[0085] Figure 6 illustrates the internal structure of the 

15 intermediate frequency error-shaped clipper 250. 

[0086] The intermediate frequency error-shaped clip- 
per 250 includes a hard clipper 310 having first and sec- 
ond input terminals 312, 314 and an output terminal 31 6. 
The first input terminal 312 of the hard clipper 310 is 

20 connected to the input terminal 254 of the intermediate 
frequency error-shaped clipper 250 to receive from the 
modem 258 a CDMA signal. 

[0087] The intermediate frequency error-shaped clip- 
per 250 further includes a clipping threshold calculation 

25 circuit 318 having an input terminal 320 and an output 
terminal 322. The input terminal 320 of the clipping 
threshold calculation circuit 318 is connected to receive 
a user-selectable voltage level for biasing the amount 
of error-shaped clipping to be applied. The output ter- 

30 minal 322 of the clipping threshold calculation circuit 79 
is connected to the second input terminal 31 4 of the hard 
clipper 310 to provide a clipping threshold signal to the 
hard clipper 70, the clipping threshold signal establish- 
ing the amplitude threshold at which the hard clipper 31 0 

35 clips a signal received at its first input terminal 312. 
[0088] Thus the hard clipper 31 0 is connected to pro- 
duce at it output terminal 316 an amplitude clipped re- 
production of the CDMA signal received at its first input 
terminal 312. 

40 [0089] The intermediate frequency error-shaped clip- 
per 250 further includes a first summing junction 324 
having a first input terminal 326, an inverting second in- 
put terminal 328 and an output terminal 330. The first 
input terminal 326 of the first summing junction 324 is 

45 connected to the input terminal 254 of the intermediate 
frequency error-shaped clipper 250 to receive from the 
modem 258 the CDMA signal. The second input termi- 
nal 328 of the summing junction 324 is connected to the 
output terminal 316 of the hard clipper 310 to receive 

50 and invert the amplitude clipped CDMA signal. 

[0090] Thus the first summing junction 324 is connect- 
ed to produce at its output terminal 330 a clipping error 
signal equal to the difference between the CDMA signal 
and the amplitude clipped CDMA signal. 

55 [0091] The intermediate frequency error-shaped clip- 
per 250 further includes a shaping filter 332 having an 
input terminal 334 and an output terminal 336. The input 
terminal 334 is connected to the output terminal 330 of 
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the first summing junction 324 to receive the clipping er- 
ror signal and thus the shaping filter 332 produces a 
shaped error signal at its output terminal 336. 
[0092] With reference briefly to Figure 7, a preferred 
filtering amplitude response characteristic of the shap- 
ing filter 332 is illustrated generally at 338, the amplitude 
response characteristic 338 being described by first and 
second equations 340, 342 where: G(z) is the frequency 
response specified for the pulse shaping filter of the CD- 
MA signal transmitter at IF frequency, f 0 is the interme- 
diate frequency carrier frequency, f c is the cut-off fre- 
quency of the shaping filter 332, and H(z) is the frequen- 
cy response of the error shaping filter 332, including an 
equivalent frequency response due to the non-flat-top 
clipping noise. 

[0093] With reference back to Figure 6, the interme- 
diate frequency error-shaped clipper 250 further in- 
cludes a time-delay. loop 344 having an input terminal 
346 and an output terminal 348. The input terminal 346 
of the time<Jelay loop 344 is connected to the input ter- 
minal 254 of the intermediate frequency error-shaped 
clipper 250 to receive from the modem 258 a CDMA sig- 
nal. The time-delay loop 344 time-delays the received 
CDMA signal for a period of time equivalent to the prop- 
agation delay through the hard clipper 31 0, the first sum- 
ming junction 324, and the shaping filter 332, and pro- 
vides the delayed CDMA signal at its output terminal 
348. 

[0094] The intermediate frequency error-shaped clip- 
per 250 further includes a second summing junction 350 
having a first input terminal 352, an inverting second in- 
put terminal 354 and an output terminal 356. The first 
input terminal 352 is connected to the output terminal 
348 of the time-delay loop 344 to receive the delayed 
CDMA signal. The inverting second input terminal 354 
is connected to the output of the shaping filter 336 to 
receive and invert the shaped difference signal. The 
second summing junction 350 subtracts the shaped er- 
ror signal from the delayed CDMA signal to produce at 
the output terminal 356 a difference signal. 
[0095] The intermediate frequency error-shaped clip- 
per 250 further includes a bandpass filter 358 having an 
input terminal 360 and an output terminal 362. The input 
terminal 360 is connected to the output terminal 356 of 
the second summing junction 350 to receive the differ- 
ence signal. The bandpass filter 358 bandpass filters the 
second difference signal to produce a filtered error- 
shaped clipped signal at its output terminal 362. The out- 
put terminal 362 of the bandpass filter 358 is the output 
terminal 256 of the intermediate frequency error-shaped 
clipper 250. 

[0096] With reference now to Figure 8, the architec- 
ture of the clipping threshold calculation circuit 318 will 
now be discussed. As will be described below in more 
detail, the clipping threshold calculation circuit 318 gen- 
erates a signal representing the root-means-square 
(RMS) power of the composite CDMA signal multiplied 
by a user-selectable biasing factor. Unlike the first em- 



bodiment, the peak power signal is already present in 
the intermediate frequency composite CDMA signal and 
therefore doesnl have to be estimated. 
[0097] The clipping threshold calculation circuit 318 
5 includes an RMS power detector 380 having an input 
terminal 382 and an output terminal 384. The input ter- 
minal 382 is connected to the input terminal 254 of the 
intermediate frequency error-shaped clipper 250 to re- 
ceive from the modem 258 a CDMA signal. The RMS 
10 power detector 380 provides at its output terminal 384 
a signal representing the RMS power of the signal re- 
ceived at its input terminal 382. 
[0098] The clipping threshold calculation circuit 318 
further includes a multiplier 386 having first and second 
is input terminals 388, 390 and an output terminal 392. The 
first and second input terminals 388, 390 are respective- 
ly connected to the output terminal 384 of the RMS pow- 
er detector 380 and the input terminal 320 of the clipping 
threshold calculation circuit 318 to receive the user-se- 
lectable voltage level for biasing the amount of error- 
shaped clipping to be applied. The multiplier 386 multi- 
plies the signals at its first and second input terminals 
388, 390 to produce at its output terminal 392 a scaled 
RMS power signal. The multiplier 386 output terminal 
392 is connected to the clipping threshold calculation 
circuit 318 output terminal 322, so that the scaled RMS 
power signal functions as the clipping threshold signal. 
[0099] While specific embodiments of the invention 
have been described and illustrated, such embodiments 
should be considered illustrative of the invention only 
and not as limiting the invention as construed in accord- 
ance with the accompanying claims. 



Claims 

1. A method of reducing the peak power probability of 
a spread spectrum signal comprising clipping the 
signal to constrain it within error-shaped bounds. 

2. A method as claimed in claim 1 wherein clipping the 
spread spectrum signal to constrain it within error- 
shaped bounds comprises: 

a) generating a clipping threshold signal; 

b) generating a clipping error signal responsive 
to both the clipping threshold signal and the 
spread spectrum signal; 

c) filtering the clipping error signal to produce a 
shaped error signal; and 

d) subtracting the shaped error signal from the 
spread spectrum signal. 

3. A method as claimed in claim 2 further including de- 
laying the spread spectrum signal to align its phase 
with the shaped error signal. 

4. A method as claimed in claim 3 wherein the spread 
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spectrum signal is a baseband signal. 

5. A method as claimed in claim 4 wherein filtering the 
clipping error signal includes iowpass filtering. 

5 

6. A method as claimed in claim 5 wherein generating 
the clipping error signal includes: . 

a) receiving a second instance of the baseband 
signal; w 

b) receiving a third instance of the baseband 
signal; 

c) scaling the third instance of the baseband 
signal; and 

d) subtracting the scaled third instance of the is 
baseband signal from the second instance of 

the baseband signal. 

7. A method as claimed in claim 6 wherein scaling the 
third instance of the baseband signal includes: 20 

a) receiving a fourth instance of the baseband 
signal; 

b) determining an RMS value of the fourth in- 
stance of the baseband signal; 2s 

c) determining a peak value of the fourth in- 
stance of the baseband signal; 

d) dividing the RMS value by the peak value to 
produce a scaling factor; and 

e) multiplying the third instance of the base- 30 
band signal by the scaling factor. 



8. A method as claimed in claim 1 3 wherein the spread 
spectrum signal is an intermediate frequency sig- 
nal. 35 

9. A method as claimed in claim 8 wherein filtering the 
clipping error signal includes bandpass filtering. 

10. A method as claimed in claim 9 wherein generating *o 
the clipping error signal includes: 

a) receiving a second instance of the interme- 
diate frequency signal; 

b) receiving a third instance of the intermediate *s 
frequency signal; 

c) amplitude clipping the third instance of the 
intermediate frequency signal; and 

d) subtracting the clipped third instance of the 
intermediate frequency signal from the second 50 
instance of the intermediate frequency signal, 

1 1 . A method as claimed in claim 1 0 wherein amplitude 
clipping the third instance of the intermediate fre- 
quency signal includes: 55 

a) receiving a fourth instance of the intermedi- 
ate frequency signal; 



b) determining an RMS value of the fourth in- 
stance of the intermediate frequency signal; 

c) multiplying the RMS value by a scaling factor 
to produce a scaled RMS value; 

d) setting a clipping threshold proportionate to 
the scaled RMS value; and 

e) clipping the third instance of the intermediate 
frequency signal when it exceeds the clipping 
threshold. 

12. An apparatus for reducing the peak power proba- 
bility of a spread spectrum signal comprising an er- 
ror-shaped clipper for constraining the signal within 
error-shaped bounds. 

13. An apparatus as claimed in claim 12 wherein the 
error-shaped clipper further includes: 

a) a clipping threshold signal generator for gen- 
erating a clipping threshold signal; 

b) a clipping error signal generator for generat- 
ing a clipping error signal responsive to both the 
clipping threshold signal received from the clip- 
ping threshold signal generator and the spread 
spectrum signal; 

c) a filter connected to the clipping error signal 
generator to receive the clipping error signal 
and to produce in response a shaped error sig- 
nal; and 

d) a first summing junction connected to sub- 
tract the shaped error signal from the spread 
spectrum signal. 

14. An apparatus as claimed in claim 13 further includ- 
ing a time-delay loop for delaying the spread spec- 
trum signal to align its phase with the shaped error 
signal for subtraction. 

15. An apparatus as claimed in claim 14 wherein the 
spread spectrum signal is a baseband signal. 

16. An apparatus as claimed in claim t5 wherein the 
filter for filtering the clipping error signal includes a 
Iowpass filter. 

17. An apparatus as claimed in claim 16 wherein the 
clipping error signal generator includes: 

a) a first coupler for coupling a second instance 
of the baseband signal; 

b) a second coupler for coupling a third instance 
of the baseband signal; 

c) a divider connected to the second coupler to 
divide the third instance of the baseband signal; 

d) a second summing junction connected to the 
first coupler and the divider to subtract the di- 
vided third instance of the baseband signal 
from the second instance of the baseband sig- 
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nal to produce the clipping error signal. 

18. An apparatus as claimed in claim 17 wherein the 
divider includes 

a) a third coupler for coupling a fourth instance 
of the baseband signal; 

b) an RMS detector connected to the third cou- 
pler to generate an RMS signal responsive to 
the RMS value of the fourth instance of the 
baseband signal; 

c) a peak detector connected to the third cou- 
pler to generate a peak signal responsive to the 
peak value of the fourth instance of the base- 
band signal; 

d) a first multiplier connected to the RMS de- 
tector and the peak detector to divide the RMS 
signal by the peak signal to produce a scaling 
factor signal; and 

e) a second multiplier connected to the first mul- 
tiplier and the second coupler to multiply the 
third instance of the baseband signal by the 
scaling factor signal. 

19. An apparatus as claimed in claim 14 wherein the 
spread spectrum signal is an intermediate frequen- 
cy signal. 

20. An apparatus as claimed in claim 19 wherein the 
filter for filtering the clipping error signal includes a 
bandpass filter. 

21. An apparatus as claimed in claim 20 wherein the 
clipping error signal generator includes: 

a) a first coupler for coupling a second instance 
of the intermediate frequency signal; 

b) a second coupler for coupling a third instance 
of the intermediate frequency signal; 

c) a clipper connected to the second coupler to 
amplitude clip the third instance of the interme- 
diate frequency signal to produce a clipped 
third instance of the intermediate frequency 
signal; 

d) a second summing junction connected to the 
clipper and the first coupler to subtract the 
clipped third instance of the intermediate fre- 
quency signal from the second instance of the 
intermediate frequency signal to produce the 
clipping error signal. 

22. An apparatus as claimed in claim 21 wherein the 
clipper includes: 

a) a third coupler for coupling a fourth instance 
of the intermediate frequency signal; 

b) an RMS detector connected to the third cou- 
pler to generate an RMS signal responsive to 



the RMS value of the fourth instance of the in- 
termediate frequency signal; 
c) a terminal for receiving a user-adjustable 
scaling factor signal; 
5 d) a multiplier connected to the RMS detector 

and the terminal to multiply the RMS signal by 
the scaling factor signal to produce .a scaled 
RMS signal; 

e) a variable amplitude hard-clipper connected 
'0 to the multiplier and the second coupler to clip 

the amplitude of the third instance of the inter- 
mediate frequency signal back to a threshold 
level corresponding to the scaled RMS signal. 

is 23. Means for reducing the peak power probability of a 
spread spectrum signal comprising means for clip- 
ping the spread spectrum signal to constrain its 
spectrum within error-shaped bounds. 

20 24. A code division multiple access (CDMA) transmitter 
apparatus, comprising: 

a) a plurality of CDMA modems, each of the plu- 
rality of CDMA modems having a respective in- 

25 put and output; 

b) a digital pre-processing stage having: 

i) a plurality of inputs, 

ii) an output, 

30 iii) at least one error-shaped clipper having 

an input and an output, 
iv) at least one digital intermediate frequen- 
cy (IF) processor having an input and an 
output, and 

3 5 v) a summing junction having a plurality of 

inputs and an output, 

each of the plurality of digital pre-processing 
stage inputs being connected to a respective 
40 CDMA modem output, and the plurality of dig- 

ital pre-processing stage inputs being connect- 
ed to the digital pre-processing stage output 
through the at least one error-shaped clipper, 
the at least one digital IF processor, and the 
45 summing junction; 

c) a digital to analog converter (DAC) having an 
input and an output, the DAC input being con- 
nected to the digital pre-processing stage out- 
put; 

50 d) an intermediate frequency and radio fre- 

quency (IF & RF) processor having an input and 
an output, the IF & RF processor input being 
connected to the DAC output; and 

d) a power amplifier having an input and an out- 
55 put, the power amplifier input being connected 

to the IF & RF processor output. 

25. An apparatus as claimed in claim 24 wherein: 
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a) the at least one error-shaped clipper in- 
cludes a plurality of error-shaped clippers, each 
of the plurality of error-shaped clippers having 
an input connected to the output of a respective 
CDMA modem; 5 

b) the at least one digital IF processor includes 
a plurality of digital IF processors, each of the 
plurality of digital IF processors having an input 
connected to the output of a respective error- 
shaped clipper; and w 

c) each of the plurality of inputs of the summing 
junction is connected to the output of a respec- 
tive one of the plurality of digital IF processors. 

26. An apparatus as claimed in claim 24 wherein: is 

a) each of the plurality of inputs of the summing 
junction is connected to the output of a respec- 
tive one of the plurality CDMA modems; 

b) the input of the at least one error-shaped clip- 20 
per is connected to the output of the summing 
junction; and 

c) the input of the at least one digital IF proces- 
sor is connected to the output of the error- 
shaped clipper. 2S 

27. An apparatus as claimed in claim 24 wherein: 

a) the at least digital IF processor includes a 
plurality of digital IF processors, each of the plu- 30 
rality of digital IF processors having an input 
connected to the output of a respective CDMA 
modem; 

b) each of the plurality of inputs of the summing 
junction is connected to the output of a respec- 3S 
tive one of the plurality of digital IF processors; 
and 

c) the input of the at least one error-shaped clip- 
per is connected to the output of the summing 
junction. 40 
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